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Within the past 5 years, researchers have
hypothesized that some natural or manufac-
tured agents are disrupting normal
endocrine function in humans and animals,
with particular emphasis on male reproduc-
tive effects (1-8). This hypothesis attempts
to unify and explain worrisome trends in
measures ofmale reproductive health as the
effects of estrogenic or antiandrogenic
chemicals.
Among the most frequently cited
trends, along with trends in sperm count
and testicular cancer, are increases in the
male genital birth defects of hypospadias
and cryptorchidism (3-5).
These defects represent mild degrees of
femininization. Hypospadias occurs when
the urethral opening is displaced toward
the scrotum. Cryptorchidism is a condi-
tion in which one or both testicles do not
descend into the scrotum.
Increasing rates ofthese two anomalies
have been reported within the past 25
years by a number of authors (9-19) (see
Table 1). The increases that have been
cited in support of the endocrine disrup-
tion hypothesis occurred for the most part
in the 1960s and 1970s. They also derive
from a small number ofcountries in North
America and Europe. I have compiled
information on worldwide trends in these
anomalies to provide more contemporary
and complete information for the ongoing
debate on endocrine disruption.
Table 1. English-language published reports of upward trends in the prevalence of hypospadias and cryp-
torchidism
Year Location Birth years covered Reference
Hypospadias
1975 Norway 1967-1973 Bjerkedal and Bakketeig (9)
1979 Sweden 1965-1977 Kallen andWinberg(10)
1982 Sweden 1965-1979 Kall6n and Winberg(11)
1985 England and Wales 1964-1983 Matlai and Beral (12)
1985 Hungary 1971-1983 Czeizel (13)
1986 Denmark 1970-1981 Kill6n etal. (14)
1991 United States 1974-1988 ICBDMS(15)
1991 Strasbourg 1982-1988 ICBDMS(15)
1991 Italy 1981-1988 ICBDMS (15)
1997 United States 1970-1993 Paulozzi et al. (16)
1997 Atlanta 1968-1995 Paulozzi etal. (16)
Cryptorchidism
1984 England and Wales 1952-1977 Chilvers et al.(17)
1985 England and Wales 1969-1983 Matlai and Beral (12)
1986 England (Oxford) 1950s vs. 1984-1985 JRHCSG (18)
1992 England (Oxford) 1950s vs. 1984-1988 JRHCSG (19)
Abbreviations: ICBDMS, International Clearinghouse for Birth Defects Monitoring Systems; JRHCSG, John Radcliffe
Hospital Cryptorchidism Study Group.
Methods
The International Clearinghouse for Birth
Defects Monitoring Systems (ICBDMS), a
nongovernmental organization ofthe World
Health Organization, collects rates ofselect-
ed birth defects from member programs. To
be a part of the ICBDMS, member pro-
grams must be actively engaged in the sys-
tematic and continuous collection of birth
defects cases. The ICBDMS does not accept
data from programs that only passively
receive and report health statistics data from
administrative sources. The Appendix lists
the size and base (population or hospital) of
each program as of 1990 (15). Hospital-
based systems calculated their rates based on
all births occurring in participating hospi-
tals. Population-based systems used all
births in agiven geographic area.
In late 1997, the ICBDMS headquarters
in Rome provided the latest hypospadias
and cryptorchidism birth prevalence rates
per 10,000 total births from 29 birth defects
registries in 21 countries for all years avail-
able. In many cases, I received information
for additional years via personal communi-
cation with the registrars. Registrars also
provided information useful in the interpre-
tation ofchanges in their rates over time.
The ICBDMS has defined both hypospa-
dias and cryptorchidism, but the extent of
adherence to those definitions by participat-
ing programs is not known. Almost all coun-
tries included defects among stillbirths, but
the definition of a stillbirth varied. Prenatal
diagnoses that were followed by pregnancy
termination were not counted in the rates.
Both isolated defects and defects found as
part ofsyndromes are included. The number
ofcases per year ofhypospadias ranged from
12 in the Northern Netherlands system to
nearlyathousand inEngland andWales.
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Figure 2. Hypospadias rates by system and year of birth (1974-1996), 3-year moving averages,
Commonwealth group.
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Figure 3. Hypospadias rates by system and year of birth (1967-1996), 3-year moving averages,
Scandinavia group.
Three ICBDMS members, the California
Birth Defects Monitoring Program, the
Italy-Northeastregistry, and theEnglish reg-
istry (after 1989), collected dataonly on the
more severe types of hypospadias (i.e.,
penile, scrotal, or perineal), sometimes
known as second or third-degree hypospa-
dias, wherein the meatal opening isproximal
to the glans of the penis. These types of
hypospadias will be referred to as `severe`
hypospadias in this paper.
To determine whether trends depended
on the degree of industrialization and to
facilitate presentation, registries were
grouped into categories loosely based on
their country's gross domestic product
(GDP) in 1984, chosen as the middle year
ofthe bulk ofthe data. GDP was obtained
from a University ofToronto online data-
base (20). The U.S. group consisted of
three American registries and had the high-
est GDP ($15,900 U.S.) in 1984. The
Commonwealth group consisted ofthe most
affluent nations from English-speaking
countries (Australia, Canada, New Zealand),
all ofwhich had GDPs in excess of$12,000
U.S. The Scandinavian group induded the
four Scandinavian countries, whose GDPs
were similar to those in the Commonwealth
nations. The Northern Europe and Japan
group (England, France, Japan, The
Netherlands) had GDPs slightly lower than
Scandinavia. The Mediterranean and Ireland
group (Ireland, Israel, Italy, Spain) had yet
lower GDPs, in the range of $5,500-8,000
U.S. The least affluent nations group (GDP
less than $5,500 U.S.) included systems
from two Eastern European nations,
Hungary and Czechoslovakia, and the
Chinese andLatinAmerican systems.
I calculated 3-year moving averages to
smooth the trends. An "increase" in a trend
in this report is based only on visual
inspection, and not on statistical testing.
Results
The highest and lowest rates reported by
individual systems during the period under
study sometimes varied by a factor ofthree
or more for both hypospadias and cryp-
torchidism. However, few systems showed
monotonic, unbroken upward or down-
ward trends; trends typically reversed direc-
tion at least once during the period ofyears
under study.
Hypospadias. Nationwide data from the
Birth Defects Monitoring Program of the
Centers for Disease Control and Prevention
(CDC) showed an upward trend in
hypospadias beginning in 1970 (Fig. 1). A
more discontinuous upward trend began in
1968 in the CDC's Atlanta, Georgia, sur-
veillance system. Severe hypospadias in the
Atlanta system increased from 1982 to
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1985 and then leveled off. Rates from the
California Birth Defects Monitoring
Program for severe hypospadias showed no
upward trend.
In the Commonwealth group (Fig. 2),
each system showed both short upward and
short downward excursions and very little
net change. Increases in the Australian and
Canadian rates and rates in the Canadian
province ofAlberta were restricted to the
late 1980s, whereas rates in the province of
Ontario and in NewZealand were down or
unchanged through the 1980s and early
1990s.
Scandinavian countries, with the excep-
tion ofSweden, show overall upward trends,
with rates approximately doubling in
Norway and Denmark during the 1970s and
1980s (Fig. 3). Norwegian rates declined
somewhat in the 1990s. The Finnish registry
reports that their increase was restricted to
the mild form ofhypospadias (first degree).
In the northern Europe and Japan group
(Fig. 4), all but the northern Netherlands
registry showed some net increase. Rates
dropped sharply in the northern Netherlands
systemduring the 1980s.
The Mediterranean and Ireland systems
(Fig. 5) include only one system with an
increase, the Italian Multicentric Register of
Congenital Malformations (IPIMC). The
IPIMC suggests that its increase may have
been secondary to a special case-control
study ofhypospadias launched during this
interval. The Italy-northeast system, which
records only severe hypospadias, showed a
decrease. Rates in the Israeli system made
wide upward and downward excursions.
Among the least affluent nations (Fig.
6), rates were generally stable since 1980,
with the exception of the Czechoslovakian
system, which registered an increase.
Cryptorchidism. Few countries in the
ICBDMS had data on cryptorchidism.
Among U.S. and Commonwealth systems
combined (Fig. 7), the U.S. national rates
increased during the 1970s and 1980s,
whereas the U.S.-Atlanta system began to
increase in 1970, rose sharply in 1985, and
dedined equallysharply by 1994. This peak
corresponds to a 10-year period during
which a more inclusive case definition was
in effect in Atlanta. Rates in the Canadian
national system increased until about 1980
and then stabilized. The Canadian provin-
cial systems ofAlberta and Ontario report-
ed declines, at least since 1985.
The Norwegian system, the only
Scandinavian systemcollectingcryptorchidism
rates, shows no consistent trend between 1974
and 1996 (Fig. 8). The same can besaidofthe
data from the France-Paris system (Fig. 9),
whereas English rates dropped sharply around
1990, contemporaneous with the introduction
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Figure 4. Hypospadias rates by system and year of birth (1964-1996), 3-year moving averages, Northern
Europe and Japan group. Abbreviations: CE, central east; N, north.
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Figure 5. Hypospadias rates by system and year of birth (1974-1997), 3-year moving averages,
Mediterranean and Ireland group. Abbreviations: IPIMC, Italian Multicentric Register of Congenital
Malformations; IMER, Emilia-Romagna Registry of Congenital Malformations; NE, northeast.
of an "exclusion list." The Hungarian system
rates have dedined from an early peak, while
the SouthAmerican rates increasedoverall and
since 1985 (Fig. 10).
Discussion
Review of data from 29 registries that
monitor a total of4 million births per year
around the world reveals wide intercountry
variation in rates ofhypospadias and cryp-
torchidism. Given differences in registry
methods, genetic variation, and other fac-
tors, the rates themselves are not directly
comparable. The primary value ofthis data
is what it shows about changes within sys-
tems in recent decades.
The data suggests an increase in report-
ed rates of hypospadias during the 1970s
and 1980s in two United States systems
and in Scandinavia and Japan. Rates from
other nations increased only in one Italian
system (IPIMC), where an artifact is sus-
pected, and in the Israeli system, which is
the smallest system and the system showing
the most unstable rates ofhypospadias over
time. The absence ofan increase is perhaps
most notable in Canada, whose society is
similar to that ofthe United States. Among
all systems showing an increase, rates tend-
ed to level offafter 1985.
There is no indication of a generalized
increase in cryptorchidism rates over time
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Figure 6. Hypospadias rates by system and year of birth (1970-1996), 3-year moving averages, least afflu-
ent nations group.
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Figure 7. Cryptorchidism rates by system and year of birth (1968-1997), 3-year moving averages, United
States and Commonwealth groups.
since 1970, although data on this defect is
much more limited. Two U.S. systems
show marked increases, but the data from
the Atlanta system is difficult to interpret
because of coding changes. Since 1985,
rates in most systems have actually declined.
A number of factors may account for
reported changes in these rates. Chief
among them are artifacts. One possible
explanation is that the definition of
hypospadias may have changed over time to
include more minor degrees of deviation
from the normal position of the urethral
opening on the tip ofthe penis. There is no
anatomical marker that defines when nor-
mal variation stops and first-degree hypospa-
dias begins. Slight degrees of deviation are
much more common than more proximal
meatal positions (21), and a subtle change in
the case definition could have produced a
large change in overall rates.
There is conflicting evidence on
whether the case definition ofhypospadias
has indeed loosened to include more ofthe
milder, first-degree cases. Previously pub-
lished data from the Atlanta registry indi-
cated that the percent of first-degree cases
did not increase over time (16). In con-
trast, the Finnish registry communicated
that the percent of more serious degrees of
hypospadias declined as overall rates
increased. Moreover, the California and the
northeast Italy programs have shown no
increase in rates of severe hypospadias.
Severe hypospadias is much less likely to be
affected by changes in definition because it
has clearer anatomical boundaries.
Another possible explanation for the
increase is gradual improvement over time in
physician documentation of hypospadias.
Because the foreskin is used in some surgical
procedures to repair hypospadias and circum-
cision must be deferred ifhypospadias is pre-
sent, medicolegal considerations may increas-
ingly cause physicians who perform circumci-
sion to examine the penis carefully. Theymay
therefore be referring more boys to urologists.
Increasing numbers of such referrals may
increase the number and/or prominence of
diagnoses ofhypospadias in medical records,
thereby improving the chances of detection
byasurveillance program.
The same artifacts could explain the
increases in cryptorchidism rates noted in
some of the systems. In particular, cryp-
torchidism may be sought more aggressive-
ly now because ofthe strong evidence accu-
mulated over the past 20 years that unde-
scended testicles are likely to become can-
cerous (22) and because of the standard
practice of removing them early in life in
hopes ofreducing this risk. A second hospi-
talization for orchidopexy in infancy may
double the chances of the anomaly being
registered in a surveillance system.
For both hypospadias and cryp-
torchidism, it is also conceivable that rates
after 1985 were affected by literature pub-
lished during the 1980s describing increas-
es in these anomalies. Perhaps criticism of
the reports led to a tightening ofcase defin-
itions in some systems. It is noteworthy
that of the five registries publishing
hypospadias increases by 1986 (Table 1),
only Denmark reported any further
increase in subsequent birth years.
Other, nonartifactual explanations have
been proposed to explain the increasing
hypospadias rates in Europe reported earli-
er. Initially, it was hypothesized that
increasing use of steroid-containing med-
ications by pregnant women might be
responsible (23). However, the consensus
now seems to be that the risk from such
preparations is exaggerated, and the preva-
lence of their use is not great enough to
account for the increase (12,24,25).
Alternatively, evidence of increased risk
of hypospadias among couples of reduced
fertility has produced speculation that an
increasing proportion ofsuch couples among
all parents could account for an increasing
trend in this anomaly (25,26). However, the
magnitude of the risk for relatively infertile
couples (26), combined with their low preva-
lence among the population of all parents,
does not seem sufficient to account for the
large observed increases in some registries.
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FigureS8. Cryptorchidism rates by year of birth (1974-1996), 3-year moving averages, Scandinavia group.
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Figure 9. Cryptorchidism rates by system and year of birth (1979-1995), 3-year moving averages, northern
Europe and Japan group.
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Figure 10. Cryptorchidism rates by system and year of birth (1967-1996), 3-year moving averages, least
affluent nations group.
Conclusion
There is some evidence for an increase in
hypospadias rates concentrated in more
affluent nations. That increase may have
ended in the mid-1980s. More registries
that experienced increasing trends in
hypospadias should report how their per-
centage of severe cases has changed over
time. If an increase in all degrees of
hypospadias is reported in more surveil-
lance systems, more in-depth investigation
will be warranted.
Assuming these upward trends are real
and assuming exogenous agents are responsi-
ble, the relevant exposures may be more
common in highly industrialized countries.
Those exposures (or their bodyburdens) that
may have stabilized since 1985 might also be
the most logical ones to pursue among all
potential environmental exposures.
Although it is important to examine
these trends broadly, it is unlikely that fur-
ther inspection of international trends
alone will shed additional light on the
question ofendocrine disruption as a cause
ofbirth defects. Such descriptive analysis is
provocative, but more sophisticated study
designs should be sought.
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